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Introduction {#j_hukin-2017-0019_s_001}
============

Muscle strength is an important physical attribute for sports performance ([@j_hukin-2017-0019_ref_009]; [@j_hukin-2017-0019_ref_018]; [@j_hukin-2017-0019_ref_019]) as well as health and longevity ([@j_hukin-2017-0019_ref_002]; [@j_hukin-2017-0019_ref_021]; [@j_hukin-2017-0019_ref_023]). Professionals and researchers interested in evaluating muscle strength typically use standardized tests in order to ensure correct measurement and enable the generalization of results ([@j_hukin-2017-0019_ref_005]). Two of the most popular tests are the one-repetition maximum (1RM) and the isokinetic peak torque (PT) ([@j_hukin-2017-0019_ref_004]; [@j_hukin-2017-0019_ref_005]). The 1RM test provides the maximum load with which an individual can perform a complete repetition of a given exercise, while the PT test provides the highest torque exerted by the muscles involved in the movement at a constant velocity ([@j_hukin-2017-0019_ref_005]). Although the two methods are widely used and accepted by the scientific community, the results obtained from them seem to differ considerably from each other. It is possible to find studies using the 1RM test showing strength gains of more than 100% after a relatively short period of training ([@j_hukin-2017-0019_ref_011]; [@j_hukin-2017-0019_ref_012]), whereas the mean changes measured by the PT test are typically below 20% after a similar period ([@j_hukin-2017-0019_ref_008]; [@j_hukin-2017-0019_ref_010]; [@j_hukin-2017-0019_ref_013]).

Besides the apparent differences in the results obtained from the tests, both are interchangeably used for evaluating muscle strength. However, it is important to test their equivalency before making conclusions concerning the results of a given intervention, as its magnitude can be dependent of the method, such that the results may not be reflective of the intervention, but rather of the tests performed.

Individual variations in muscle strength responsiveness to a given intervention have been a topic of increasing interest, with studies usually classifying individuals according to the magnitude of their alterations in muscle strength ([@j_hukin-2017-0019_ref_006]; [@j_hukin-2017-0019_ref_007]; [@j_hukin-2017-0019_ref_015]). However, if the tests used to evaluate muscle strength are not equivalent, this classification can be biased, since an individual submitted to the same intervention can be classified either as a low or highresponder, depending of the test performed. Therefore, comparing the results obtained by different tests would bring important information for professionals and researchers involved with that have muscle strength as an outcome.

It is important to note that using a correlation coefficient to check for agreement between the tests can be misleading, since a high correlation does not necessarily mean that the two methods agree ([@j_hukin-2017-0019_ref_003]). In this regard, the Blood and Altman test may offer a valuable tool for such analysis, as previously proposed ([@j_hukin-2017-0019_ref_003]). Although the agreement between strength measures seems to be a basic question to be asked, we were not able to find any studies directly addressing this issue. Therefore, the purpose of this study was to compare strength gains assessed by leg press 1RM and knee extensors PT tests in young men undergoing resistance training.

Material and Methods {#j_hukin-2017-0019_s_002}
====================

Experimental approach {#j_hukin-2017-0019_s_002_s_001}
---------------------

The participants performed 11 week resistance training, conducted twice a week, with a minimum interval of 48 hours between following sessions. Initially, there were four familiarization sessions to acquaint participants with the exercises and the training protocol. After the familiarization period, participants were tested for 1RM in the 45° leg press and had the PT of knee extensors measured by an isokinetic dynamometer. Tests were performed with 1 to 3 days of rest between them in a randomized order. To decrease the learning effects, the training sessions alternated sled 45° leg press, seated leg press and knee extension, with only one exercise performed in each training session.

Participants {#j_hukin-2017-0019_s_002_s_002}
------------

An a priori power analysis estimated that a sample size of 23 participants would provide a correlation greater than 0.50 between the tests with statistical power of at least 0.80 at an *α* level of 0.05; however, considering the possibility of experimental attrition during data collection, forty volunteers initially participated in the study. Subjects were recruited through flyers posted at the university and word of mouth. Inclusion criteria required that subjects had no previous experience with resistance training, were at least 18 years of age and were free from any health problems that could be aggravated by the experimental protocol, such as orthopedic and cardiovascular problems. During the study period, participants were instructed not to change their eating habits and not to perform other physical activities beyond the experimental protocol. The data of the participants were included in the analysis only if the attendance was higher than 80% of the total training sessions ([@j_hukin-2017-0019_ref_014]). Due to low attendance or poor adherence to protocol recommendations, 13 subjects were excluded from the study, leaving 27 participants for final analyses.

All participants were informed verbally and in a written form of all study procedures before providing informed consent. The study was approved by the Local Ethics Committee of the College of Health Sciences at the University of Brasilia.

Procedures {#j_hukin-2017-0019_s_002_s_003}
----------

### One-repetition maximum test (1RM) {#j_hukin-2017-0019_s_002_s_003_s_001}

One week before the beginning of the training period and five to seven days after the last session, the 1RM load on the sled 45° leg press (Gervasport®, Cotia, Brazil) was determined for each participant. The 1RM protocol followed previous guidelines concerning muscular strength evaluation ([@j_hukin-2017-0019_ref_005]). Participants performed a warm-up for two sets of 10 reps at 20-30% of body weight with 3-min intervals between sets. Three minutes after the warm-up, the load was increased and the participant was instructed to perform a complete repetition. If the repetition was completed successfully, the load was increased by 4 to 20 kilograms and, after a 5-min interval, the next repetition was performed. The procedure was repeated until achieving the highest load with which the individual could perform a complete repetition. A maximum of 5 attempts was allowed per session. If the maximum load was not obtained until the fifth attempt, the test was stopped and retaken on the next day. The tests were repeated by all subjects and value of the intraclass coefficient of correlation (ICC) in the present study was 0.96. We opted to perform the tests in the sled 45° leg press to provide a real world setting, since it is widely used in experiments and commonly available in gyms and fitness centers.

### Peak torque test performed with an isokinetic dynamometer (PT) {#j_hukin-2017-0019_s_002_s_003_s_002}

The PT of the knee extensors was measured on the right leg with a Biodex system 3 isokinetic dynamometer (Biodex Medical™, Inc., Shirley, NY). The dynamometer's calibration was performed according to the manufacturer's specifications prior to each test. The subject sat with the dynamometer arm rotation axis aligned with the lateral condyle of the right knee. Belts were used to secure the thigh, pelvis and trunk to the dynamometer chair and prevent uncontrolled movements. The settings and adjustments of the equipment were recorded to ensure that all assessments were performed in the same position. The tests involved two sets of four repetitions at 60º/s, with 1-min rest intervals between following sets. During the recovery period, the belt at the knees was loosened to allow proper circulation in the lower limbs. The subjects were instructed to fully bend and extend the knee joint and work with maximum intensity during all repetitions. Vigorous verbal encouragement was provided during testing to help ensure best performance. All tests were carried out by the same investigator ([@j_hukin-2017-0019_ref_004]). The test and retest ICC to the PT of knee extensors was 0.98.

### Resistance training {#j_hukin-2017-0019_s_002_s_003_s_003}

Exercise specialists and exercise technology students supervised all training sessions to ensure participants' safety and adherence to the procedures, in a ratio of 1 supervisor for 5 participants ([@j_hukin-2017-0019_ref_013]). The training protocol consisted of 5 exercises for the major muscle groups: 2 for the lower body (knee extension/seated leg press/sled 45° leg press and lying leg curl; [Figure 1](#j_hukin-2017-0019_fig_001){ref-type="fig"}), 2 for the upper body (bench press and lat pull-downs), and 1 for the abdominal muscles (crunches). Participants performed 2 sets of 8-12 repetitions until momentary muscle failure with 2 min of rest between sets and exercises. To maintain performance in the target repetition range, the loads were reduced if a subject was unable to perform at least 8 repetitions and they were increased if it was possible to perform more than 12 repetitions. The research assistants maintained a training diary for each participant to control loads and repetitions performed during each training session.

Figure 1Exercises used during the training session. a) knee extension; b) seated leg press; c) sled 45° leg press

Training was carried out twice per week, with a minimum of 48 hours between sessions. Three different types of exercises involving knee extensors were performed ([Figure 1](#j_hukin-2017-0019_fig_001){ref-type="fig"}): knee extension, seated leg press and sled 45° leg press (GervaSport®, Cotia, Brazil). In each training session, participants performed only one of these exercises in the following order: knee extension → seated leg press → sled 45° leg press. Thus, each exercise was performed every 3 sessions. The distribution of exercises was controlled to ensure equivalence in the number of sessions including each exercise. The sled 45° leg press equipment used during training sessions was also used for 1RM tests. Although the isokinetic test was performed with a device different from the one used for training knee extensions, this exercise was included because it was the closest exercise to the movement performed during the PT tests.

Statistical analysis {#j_hukin-2017-0019_s_002_s_004}
--------------------

Values are reported as means ± standard deviation. Data normality was verified by the Kolmogorov-Sminov test. Paired t-tests were used to compare the results of 1RM and PT tests pre and post training intervention. The PT and 1RM gains were calculated as a percent increase. Effect sizes were calculated using the equation proposed by Rhea ([@j_hukin-2017-0019_ref_022]). The Pearson correlation coefficient was used to assess the relationship between the pre-training values and changes in 1RM and PT. The coefficient of determination (r^2^) was utilized to indicate the percentage of the total variance shared between PT and 1RM changes. A Bland-Altman test was performed to check for agreement between the strength changes as well as between the baseline muscle strength measured by the tests ([@j_hukin-2017-0019_ref_003]). Cluster analysis was used to create homogenous groups of low and high responders according to alterations in 1RM and PT, and Pearson chi-square was used to analyze the relationship between the distribution of changes in 1RM and PT.

Results were considered significant when *p* \< 0.05. The analysis was performed using the Statistical Package for the Social Sciences 17.0 (SPSS, Chicago, IL).

Results {#j_hukin-2017-0019_s_003}
=======

The mean values of the variables analyzed are presented in [Table 1](#j_hukin-2017-0019_tab_001){ref-type="table"}. Mean changes in the sled 45° leg press 1RM and knee extensors PT were 23.98% (t2,27 = 8,87; *p* \< 0.001) and 15.96% (t2,27 = 10.52; *p* \< 0.001), respectively. Comparison between 1RM gains and PT revealed that 1RM increases were significantly higher than changes in PT (t2,27 = 3.36; *p* = 0.02). Post hoc analysis revealed that the present study had statistical power greater than 0.99 for detecting changes in leg press 1RM and isokinetic PT.

Table 1Variables analyzedMeanSDAge (years)22.823.03Body height (cm)175.085.65Body mass (kg) Pre67.727.12 Post68.417.35Knee extension isokinetic peak torque (N⋅m) Pre205.4840.31 Post238.28[\*](#j_hukin-2017-0019_fn_001){ref-type="table-fn"}33.99 Effect size0.81Leg press 1RM (kg) Pre174.2840.14 Post216.08[\*](#j_hukin-2017-0019_fn_002){ref-type="table-fn"}38.52 Effectsize1.04[^1][^2]

There was a moderate correlation between baseline PT and leg press 1RM (r = 0.6; *p* \< 0.01), but the results of Bland-Altman analysis revealed that the measures were not equivalent. The correlation between increases in PT and 1RM were also moderate (r = 0.49; *p* \< 0.01; [Figure 2](#j_hukin-2017-0019_fig_002){ref-type="fig"}); however, the results of the Bland-Altman tests revealed that the strength gains measured with the two tests were different from each other ([Figure 3](#j_hukin-2017-0019_fig_003){ref-type="fig"}). The coefficient of determination indicated that the percentage of the total variance shared by the tests was r^2^ = 0.24 (*p* \< 0.05).

Figure 2Correlation between strength gains measured by 45° leg press 1RM and knee extensors isokinetic peak torque Figure 3Bland Altman plot between changes in knee extensors isokinetic peak torque and 1RM in the sled 45° leg press

The two clusters for PT alterations were high responders (n = 12): 24.34 ± 9.4% and low responders (n = 15): 8.73 ± 3.54%. The increases in PT were significant for high responders (*p* \< 0.05) but not for low responders (*p* \> 0.05). The clusters formed for 1RM were: high responders (n = 16): 34.35 ± 7.83% and low-responders (n = 11): 11.18 ± 7.3%. Both groups had significant increases in 1RM (*p* \< 0.05). According to the results, there was no significant relationship between the distribution of 1RM and PT clusters (*p* \> 0.05). This is illustrated in [Figure 4](#j_hukin-2017-0019_fig_004){ref-type="fig"}, which shows the results obtained in both tests for each participant.

Figure 4Individual gains in muscle strength measured by 45° leg press 1RM (white bars) and knee extensors isokinetic peak torque (black bars)

Discussion {#j_hukin-2017-0019_s_004}
==========

The purpose of the present study was to investigate the relationship between strength gains as measured by two of the most popular methods for assessing muscle strength. After 11 weeks of resistance training, we found a moderate correlation of 0.49 between the results obtained in the 1RM test in the 45º leg press and the unilateral knee extension PT. The coefficient of determination suggested that 24% of the variance was shared between the tests. However, the results of the Bland-Altman test revealed that the two measures were not equivalent, which confirms previous suggestion that a significant correlation does not necessarily mean that two methods are equivalent ([@j_hukin-2017-0019_ref_003]).

These results occurred even though we attempted to minimize the effects of familiarization by using variations in the exercise performed. One possible explanation is that, despite exercise variations, the participants performed 2 forms of the leg press: seated leg press and sled 45° leg press, and only 1 exercise resembled the movement performed during the PT test. This is aggravated by the fact that performance of knee extension exercises markedly differs from isokinetic tests. Although both require similar movements, the devices differ considerably in terms of adjustments and the body position and this may have a large impact on results ([@j_hukin-2017-0019_ref_020]). Moreover, knee extensions were conducted using bilateral movements, while the isokinetic test was performed unilaterally. Unilateral and bilateral movements impose different neural requirements, what raises the possibility of specific adaptations ([@j_hukin-2017-0019_ref_017]; [@j_hukin-2017-0019_ref_025]). Finally, isokinetic testing was carried out at a constant velocity whereby the subject could produce maximum power at all angles, while training was carried out with isoinertial exercise performed against constant resistance.

In the present study, changes in 1RM in the 45° leg press were higher than changes in PT, corroborating previous findings where strength changes evaluated by 1RM testing were higher than the values obtained from PT tests ([@j_hukin-2017-0019_ref_001]; [@j_hukin-2017-0019_ref_010]; [@j_hukin-2017-0019_ref_012]). One may argue that the leg press exercises did not provide enough stimuli for the knee extensors due to its multi joint characteristic. If this is the case, the performance of two sessions involving leg presses and only one with isolated knee extension exercises may have resulted in suboptimal stimuli to the knee extensors muscles, resulting in lower knee extensors PT gains. However, this is improbable, since previous research found that quadriceps muscle activation was similar during leg press and knee extension exercises ([@j_hukin-2017-0019_ref_027]). Moreover, previous studies found that there were no differences in muscle activity ([@j_hukin-2017-0019_ref_024]; [@j_hukin-2017-0019_ref_026]) and muscle strength gains ([@j_hukin-2017-0019_ref_016]) when multi joint exercises were compared to single joint ones.

Using cluster analysis, we found that responsiveness to strength training was unequally distributed when strength gains were evaluated by leg press 1RM and isokinetic PT. It is interesting to note that an individual can be classified as a low-responder when changes in muscle strength are analyzed by PT, but as a highresponder when the 1RM is analyzed, and vice-versa (as illustrated in [Figure 4](#j_hukin-2017-0019_fig_004){ref-type="fig"}). The divergent classification in responsiveness between PT and 1RM occurred in almost 40% (10 out of the 27) of the participants. This is particularly interesting because the heterogeneity of muscle strength response has been a topic of increasing interest ([@j_hukin-2017-0019_ref_006]; [@j_hukin-2017-0019_ref_007]; [@j_hukin-2017-0019_ref_015]). Based on the present results, the classification of an individual as a low- or high-responder can be biased by the test used.

The results of Bland-Altman tests revealed that the tests were not equivalent. This implies that their results cannot be analyzed in the same perspective and should not be taken as if they measured the same outcomes. Therefore, caution should be taken when making conclusions concerning changes in muscle strength from a given intervention, as its magnitude can be dependent on the methods used for strength assessment. For example, one may conclude that an intervention is highly efficient when measuring its results by 1RM, while classifying the results of another intervention as disappointing when evaluating it by isokinetic dynamometry. However, this may not be reflective of the protocols, but rather of the tests performed.

Isokinetic dynamometry and 1RM tests are both considered as valid and often interchangeable methods for evaluating changes in muscle strength in nutritional and/or exercise interventions. However, the results of the present study show that their results are not equivalent. Professionals and researchers should be careful when classifying an individual as a low- or highresponder, and be cautious when comparing the results of different exercise and nutritional interventions if muscle strength was evaluated by different tests.

From a practical standpoint, the choice of testing modalities should take into account the desired outcome. If the goal is to determine strength changes over time in a given exercise such as the squat or bench press, then testing should be carried out using the specific exercise. However, if the goal is to evaluate how strength changes from an exercise program promote a general ability to produce force in a given joint, then isokinetic testing should be considered as it provides more neutral determination of transfer of strength.
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[^1]: different from pre values (p \< 0.05)

[^2]: different from pre values (p \< 0.05)
